This paper presents conceptual thought for cyclone disaster mitigation in urban areas. By recognizing the society's expectations of surviving and rapid recovery from a cyclone event architects and engineers need to think not only in terms of robustness of buildings and critical infrastructure but also at community level. In addition, various professions including hazard scientists, construction industry, urban planners, economists, and social science professionals play crucial roles in developing resiliency of an urban area. With paradigm shift in thinking of an urban area holistically it will be possible to mitigate cyclone hazard from becoming a disaster.
Introduction
Cyclones (hurricanes, typhoons) are prevalent in many parts of the world. When they make landfall the wind, storm surge and rain cause damage and destruction of built environment and injuries and fatalities to people in their wake. Our overarching goal is to prevent cyclone hazard from causing a disaster. A cyclone hazard is not a disaster unless it affects urbanized areas causing significant damage. Urbanization in coastal areas around the world is increasing because these areas are desirable locations for business and quality of life. So, the question is how to prevent a cyclone from causing a disaster.
We need a paradigm shift from engineering concept of designing a single building or structure to society's expectation of performance of built environment in an urbanized area, a city. An urban area is not only accumulation of individual buildings and structures, but also critical infrastructure of roadways, power lines, communication and water system. Society's needs and expectations are to tolerate minimum damage and recover as quickly as possible after a cyclone event. Specifically, society's desires are life safety, availability of critical facilities, rapid repairs of lifelines, and reduced losses in a cyclone event. These society needs can be achieved only through paradigm shift where architects and design engineers think in terms of holistic design of buildings as a system, community scale design consideration and collaboration with other professionals such as construction professionals, and social science experts.
This concept paper outlines impact of cyclones on an urban area or a city, expectations of the society for recovery, performance of built-up area, and concept of resiliency of an urban area. Robustness of built-up area is judged through expected damage potential of buildings and infrastructure in an urban area. In addition, the society would desire to recover from an impact of a cyclone in a varying time frame. Result of this type of thinking can lead to changes in the direction of research and development in the future. The rethinking of robustness of built-up areas and society's desire to recover are a paradigm shift to achieve disaster mitigation.
Cyclone Characteristics and Their Impact on Built Environment
A cyclone is a weather related storm generated over the ocean. Even though the winds in the storm rotate around a central low atmospheric pressure, the size of the storm is big enough so that buildings and structures experience the winds as straight winds at a given time. The intensity of the storm is judged by damaging peak wind speed in the storm. A cyclone is generally accompanied by storm surge of water and potentially heavy rain. The storm surge can flood the low-lying coastal areas while the rain can cause flooding in the low-lying inland areas.
The intensity of a cyclone is judged by peak wind speed in the storm and is designated currently by Saffir-Simpson (S-S) scale. The S-S has five categories, 1 through 5, with highest one being Category 5. The wind speed ranges and associated storm surge related to each category of storm are shown in Table 1 . The S-S scale does not include potential of rain.
Technology of numerical simulation of cyclone (hurricane) has advanced in the last three decades where probabilities of cyclone winds occurring at a location along the coast can be reasonably predicted. The wind speeds given in ASCE 7-10 for the coastline of the United States are obtained using simulation technology. The wind speed values in ASCE 7-10 (ASCE, 2010) are 3-second gust at 10 m height in open terrain associated with 7% probability of exceeding in 50 years for limit state design. (Note: S-S wind speeds are assumed to be one minute average over water while ASCE 7-10 wind speeds are 3-second gust over land; the difference is roughly 10% and is not large for consideration in this concept paper). If a bridge is designed for 100 year life, the probability of exceeding the design wind speed during its life is 13%. Wind Speeds in ASCE7-10 along the coastline for Category II structures vary between 115 -180 mph (185 -290 km/h). It is understood that there is a chance of exceeding limit state design wind speed along the coastline causing severe damage.
Impact of cyclone on an urban built-up area is caused by winds, associated windborne debris, storm surge and rain. Of these characteristics, wind is the most critical since it covers a large area (cyclone winds may affect area 300 miles wide) in the vicinity of the coast. Storm surge is important for built-up areas located at the coastline and its impact depends on the terrain at the coastline. In some cases the storm surge affects only a few hundred feet while in other cases it can be several miles. The extent of area affected by storm surge would vary on terrain and level of storm surge. Rain is important for low-lying areas; flooding due to rain can occur near the coast as well as many miles inland. Windborne debris is generally a by-product of damaged buildings and structures and broken tree branches. Failed components such as sheet metal, pieces of timber, or tree branches become airborne in high winds causing damage to surrounding buildings. If the damage to buildings from winds is reduced, impact of windborne debris can be minimized. The impact of a cyclone on a city can be reduced with holistic engineering, land development planning, understanding of human behavior, and education.
Society's Expectation of Recovery
Timely recovery from a disaster is part of resiliency of a community. City of San Francisco in the United States developed guidelines to recover from an event of an earthquake (SPUR, 2009). Admittedly, earthquake that impacts without much warning is a different type of hazard, however from a recovery point of view there are some important lessons that can be learned. The time frames for desired recovery from a cyclone event are shown in Table 2 along with specific functions and facilities that are important in an urban area. Table 2 shows the goals and guidelines for urban recovery from a cyclone event. The status of the facilities shown is guidelines and is not final requirements. Each urban area should develop
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Desired Performance of Built Environment
For disaster mitigation the desired performance of the built environment can be classified as 1. Life safety; 2. Continued operation of critical facilities; 3. Reduced damage to important facilities; 4. Expected damage that can be repaired in a short time; and 5. Acceptable damage. Life safety is the most important function of the built environment. Since, cyclone landfalls are reasonably predictable, thanks to satellite image; it is possible to evacuate people from the potential storm surge areas and from the highly vulnerable buildings. Reinforced concrete buildings provide good shelters from winds in a cyclone; collapse of a reinforced concrete building is rare unless it is very old or has some significant defects. Shelter designs have been developed and are found to perform well.
Critical facilities such as hospitals, police stations, fire stations etc. are needed to continue to operate during and after passage of a cyclone. An article by Tom Smith and others in Civil Engineering Magazine of the American Society of Civil Engineers (Smith et a.l, 2012) suggests different level of enhancements to buildings that house critical functions. These enhancements are above the minimum building code requirements. The enhancement should be not only to building structure, but also to building functions (e.g. electrical power, mechanical system etc.) so that the critical facilities continue to operate during and after the storm. The enhancements can be upgraded and refined based on research in disaster mitigation.
For disaster mitigation the goal should be to reduce damage. However, designing and constructing robust buildings and infrastructure so that there is no damage will not be cost effective. Buildings such as commercial and tall buildings in urban environment should be designed and constructed to minimize damage. When tall buildings get damaged, the failed components become wind-borne debris which can damage surrounding buildings. It is necessary to think in terms of a community and cascading damage if disaster mitigation is to be achieved.
Buildings such as schools should be designed and constructed such that they can be repaired in a short time. This is particularly true for infrastructure of electrical power, transportation, communication and water systems. Modern society is heavily dependent on electrical power. If the power is not available for more than 48 hours, it causes major hardship to people in an urban environment. Society's dependence on electrical power will continue to increase in the future. It will not be possible to avert disaster in an urban area if electrical power is lost for more than a few days. Various components in electrical grid system need to be designed with the consideration of importance of the component in reducing the loss power.
Buildings such as mud huts, timber residences, low commercial buildings of light steel and masonry construction are likely to be severely damaged by high winds. Building and content
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K-93 Urban life back to normal, 95% recovery from the cyclone event damages in urban areas are often covered by insurance. It is important to provide life safety by provision of specially built shelters. But, it may not be cost-effective to construct all low buildings to prevent any damage. Rapidly deployable housing can be provided to the population whose housing is severely damaged or destroyed. With some new thinking and change in paradigm it would be possible to mitigate disaster in cyclones. Improvements are definitely needed in providing life safety, continued operation of critical facilities, and reduced damage in buildings and infrastructure.
Resiliency of an Urban Area
United Nation in International Strategy for Disaster Reduction Terminology has defined resiliency as (ISDR, 2009) :
The ability of a community or society exposed to hazards to resist, absorb, accommodate to and recover from the effects of a hazard in a timely and efficient manner, including through preservation and restoration of its essential basic structures and functions.
This definition of resiliency, if followed, can lead to disaster mitigation of an urbanized area from a cyclone event. The resiliency has two parts; one is robustness of buildings and infrastructure, and the second is response and recovery. In order to achieve disaster mitigation several items need to be considered such as investment of resources, consideration of community level thinking, and collaboration with related sciences.
Investment of resources in robustness of built-up area and response and recovery needs to be balanced. If more investment is made in robustness (stronger buildings and infrastructure), investment in response and recovery can be reduced. If sufficient investment in robustness is not made, the cost of response and recovery will be higher. It is difficult to judge how the investment of resources can be optimized. This is one of the challenges for future investigators in disaster mitigation from hazards.
Disasters are caused at a community level. A single building destroyed by wind or fire is not a disaster. As discussed earlier in the paper disaster is a result of a cyclone affecting an urban area. It is important to save lives, and at the same time it is also important to minimize damage, property losses and suffering of people in a cyclone affected area. Response and recovery are possible but expensive. In design of buildings and infrastructure, architects and engineers need to think about effect on a community in case of a hazard.
It is apparent that balance of investment in robustness and response and recovery at a community level cannot be achieved in isolation by architects and/or engineers. For disaster mitigation several disciplines and professions need to collaborate and work together. Hazard science of atmosphere plays an important role in identifying probability of cyclone and intensity of cyclones as well as micro-scale turbulence that affect loads on buildings and structures. Material science can assist in developing construction materials that are able to resist harsh environment and at the same time be renewable and sustainable. Construction industry can provide automation that minimizes human errors in constructed facilities. Economics control the resources available for robustness and response and recovery. One of the factors not considered in disaster mitigation is the resiliency of people. Social science consideration will help to understand and implement policies that will allow achieving disaster mitigation.
The various factors briefly mentioned here suggest that paradigm shift is needed to achieve disaster mitigation. It is not likely to be easy and it may take a generation to achieve disaster mitigation. But, with rethinking beyond individual building and working in isolation and thinking of resiliency as a total picture will allow achieving disaster mitigation.
Conclusion
The task of preventing cyclone from becoming a disaster to an urban area involves more than engineering. A paradigm shift is needed to understand society's needs in case of a cyclone event.
